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Saline Waters In New York State 


INTRODUCTION 


In connection with studies of the practicability of conversion of saline water to fresh 
water, the U. S. Geological Survey assembled data on the occurrence, distribution, quantity, 
and chemical quality of saline waters as of 1955 for a report entitled, "Preliminary survey of 
the saline water resources of the United States" to be released when completed as a U. S. 
Geological Survey Water Supply Paper 1374. This report comprises data for New York State. 
Saline water is defined herein as any mixture of fresh and salt water having more than 1,000 
parts per million (ppm) of dissolved solids. In the Nation as a whole there are, of course, all 
gradations of salinity from 1,000 ppm up to the 30,000 to 35,000 ppm characteristic of sea 
water, and the even higher salinities of certain natural brines. Sea water, and other water 
of comparable salinity, will be referred to here as "sea water" or "high-chloride water". 
This report contains two parts: one for Long Island, Staten Island, and Manhattan, 
N. Y., and the other for Upstate New York. Figure 1 shows the locations of the places named 
and important occurrences of saline water in and near Long Island. Tables 1 and 2 list, re- 
spectively, well data and chemical analyses for selected wells in Long Island, Staten Island, 
and Manhattan, N. Y.; tables 3 and 4 list, respectively, well data and chemical analyses for 
selected wells in Upstate New York. For many samples, only the chloride concentration and 
not the total dissolved solids has been determined. However, it is safe to assume that the 
total dissolved solids in natural water are substantially in excess of 1,000 ppm where the 
chloride is at or nearly at this concentration. 


LONG ISLAND. STATEN ISLAND. AND MANHATTAN 
By 
N. J. LUSCZYNSKI AND J. J. GERAGHTY 


Geologic and Hydrologic Conditions 
With the exception of large quantities of water supplied to Kings and Queens Counties 
from New York City's upstate reservoirs, nearly all fresh water used on Long Island is taken 
from wells. Several extensive formations, consisting of sand, gravel, and clay and ranging in 
total thickness from a few feet in northern Queens County to more than 2,000 feet in south- 
ern Suffolk County, underlie Long Island. Four main aquifers, all interconnected hydraulical- 
ly to a greater or lesser degree, have been identified (Veatch, 1906; Fuller, 1914; Suter, 
de Laguna, and Perlmutter, 1949). These aquifers, from youngest to oldest (top to bottom), are 
the upper Pleistocene deposits, in which ground water is generally unconfined, and three units 
in which water occurs under artesian pressure-the Jameco gravel, of Pleistocene age, and 
the Magothy (?) formation and the Lloyd sand member of the Raritan formation, both of 
Late Cretaceous age. Except for some artificial recharge through wells and basins (Johnson, 
1948), these aquifers are replenished entirely by infiltration of precipitation. Under natural 
conditions, fresh water flows into and through the formations, ultimately discharging into 
the sea. In addition, an appreciable quantity of fresh water reaches the ocean after discharg- 
ing into the lower reaches of the many small streams in Long Island; such water includes 
overland runoff plus the portion of the outflow from the ground-water reservoirs that does 
not discharge directly into the sea. 
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In Staten Island (Richmond County) most of the water used for public supply is ob- 
tained from New York City's upstate reservoirs, lesser amounts being pumped from wells 
on the Island (Perlmutter and Arnow, 1953). The water-bearing formations consist of un- 
consolidated deposits of Late Cretaceous and Pleistecene age, similar to those on Long Island. 
The total thickness of these deposits ranges from 5 to 400 feet. As on Long Island, local 
precipitation is the main source of fresh-water replenishment to them, 
In the southern part of Manhattan (New York County), bordered on three sides by 
the high-chloride waters of the Hudson and East Rivers, are sand, gravel, and clay of Pleis- 
tocene age resting on bedrock. A number of industrial wells obtain water from these de- 
posits, which are as much as 250 feet thick in places (Perlmutter and Arnow, 1953). 


Saline Water in Long Island 
Saline water in Long Island occurs in the zones of diffusion or mixing between fresh 
water and sea water (1) in the lower reaches of the many streams and creeks, and (2) under- 
ground-at or near shore, or offshore, in the four water-bearing formations. Figure 1 shows 
two areas in western Long Island, and also one ill southern Manhattan, where saline ground 
water occurs extensively. In addition, it shows the locations of individual wells or well fields 
outside these areas where saline water has been reported. 
Fresh water in the streams and underground formations at most localities in Long 
Island contains less than 100 ppm of dissolved solids, whereas se'a water surrounding Long 
Island ranges in salinity from 25,000 to more than 30,000 ppm in the open Atlantic Ocean, 
and from 20,000 to 30,000 ppm in Long Island Sound. Water in most parts of the East River, 
Peconic Bay, and the several large bays along the south shore of the Island has a salinity ap- 
preciably above 10,000 ppm., 
The location, extent, and thickness of the bodies of saline water between the fresh 
water and sea water are of primary interest to this discussion. Fresh water, moving con- 
tinuously down the streams, eventually comes in contact with and mixes with sea water. In 
the streams, these contact area
 are in the lower reaches, near the mouths; they are not 
stationary, however, but move various distances up and down stream, depending on the 
streamflow and the tide level. Saline water also occurs underground along the shores, and 
offshore in the unconsolidated deposits, at various depths below the land surface. In the un- 
consolidated deposits the bodies of saline water are somewhat more extensive than in the 
streams, and their positions shift back and forth much more slowly. 
In most areas of Long Island, saline water in the several formations occurs essentially 
under natural conditions near shore and offshore because artificial withdrawals up to the 
present time have been relatively small. In some parts of western Long I,>sland, chiefly in 
Queens and Nassau Counties, saline water may be moving landward or upward, doubtless very 
slowly, as withdrawals increase year after year. There are few or no data available on the rate of 
such movement. In a few places, chiefly in Kings County, fresh ground water has become 
salty as a result of heavy and increased withdrawals during the thirties and early forties. 
Deposits of Recent and late Pleistocene age on the barrier beaches and along the 
shores of the Island at many places contain saline water under more or less natural condi- 
tions. Its presence in these areas is not the result of progressive encroachment or invasion. 
The saline water is usually at depths less than 100 feet below the land surface, and at least 
some fresh water is present at greater depths in the deeper formations. A few analyses of 
saline water from the shallow bodies show chloride concentrations up to 5,000 ppm, Detailed 
information on the extent of these bodies is not available. 
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In the North and South Forks of eastern Suffolk County, each of which is nearly sur- 
rounded by sea or bay water, the water table in most localities is only a few feet above sea 
level. In both Forks, saline water is probably present beneath fresh water within the Magothy 
( ?) formation at depths of a few hundred feet below sea level. 
In Kings and Queens Counties, the occurrence of saline water is largely the result of 
salt-water encroachment caused by prolonged overpumping (fig. 1), In most places in these 
two counties, chloride concentrations are less than 1,000 ppm, but in northern Kings and 
northwestern Queens, water having a chloride concentration of 1,000 to 5,000 ppm was taken 
from several wells in the upper Pleistocene deposits and Jameco gravel at depths ranging 
from a few feet to about 200 feet (Lusczynski, 1952). Individual wells in this area yield 
several hundred gallons per minute. 
Along the southern edge of the Island, sea water in the Magothy (?) formation and 
in the Lloyd sand member of the Raritan formation is offshore in most places. In the extreme 
southwestern part of Nassau County, however, it is found in an area of several square miles. 
There the high-chloride water occurs in a body that is several hundred feet thick in places 
and lies at depths below 300 feet in the middle and lower parts of the Magothy (?) forma- 
tion. Water from one well screened at a ftepth of about 500 feet in the high-chloride water 
has about 30,000 ppm of dissolved solids. Water in a nearby well, screened at a depth of 
about 300 feet in the zone of diffusion between fresh water and sea water has a salinity of 
about 3,300 ppm. The chloride concentration in water from these two wells is about 16,000 
and 1,900 ppm, respectively (tables 1 and 2; see also Geraghty, 1953). Whether this body of 
high-chloride water is actively encroaching is not fully known. However, if it is, the move- 
ment is slow. In the Magothy (?) formation, individual wells may yield as much as 1,500 
gallons per minute (gpm). 
Few data are available on the thickness of the zone of diffusion between fresh and 
high-chloride water-in other words, on the volume of saline water as here defined-beneath 
the land. Electric logs of several wells in Long Island suggest that the zone of diffusion be- 
tween fresh and high-chloride water is on the order of 100 feet in width when measured 
normal to the interface. 
At a few other places in Long Island, intermittent heavy pumping may cause an increase 
in chloride concentration in ground water locally in both the shallow and the deeper forma- 
tions (Luszcysnki and Upson, 1954). The chloride concentration is usually less than 1,000 
ppm; and at one locality, a variation in concentration suggests the alternate advance and re- 
cession of a diffusion zone or zones. 


Saline Water in Staten Island 


Chloride concentrations of pumped water in Staten Island (Richmond County) range 
from less than 100 to 1,550 ppm (tables 1 and 2; Perlmutter and Arnow, 1953). Saline 
ground water occurs in a few scattered areas near the shore, mainly in deposits of Pleistocene 
age. Wells in these deposits may yield as much as 700 gpm. Factors controlling the occurrence 
of saline water in Staten Island are similar to those described for Long Island. 


Saline Water in Manhattan 


The unconsolidated deposits in southern Manhattan (New York County) are open to 
sea water on three sides. Heavy seasonal withdrawals lower the water table sufficiently to 
allow saline water to reach the walls periodically. The chloride concentration of ground water 
pumped in this area ranges from about 100 to 10,000 ppm (tables 1 and 2; Perlmutter and 
Arnow, 1953). 
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Summary 
Saline water, generally having a dissolved-solids content between 1,000 and 10,000 
ppm, is limited largely to shoreline and offshore areas in Long Island, and has been observed 
as follows: 


( 1 ) N ear the mouths of the many fresh-water streams, 
( 2 ) At shallow depths in the shore areas and along the barrier beaches, 
( 3) At moderate depths below fresh water in the North and South Forks of Suffolk 
County, 
( 4) Offshore, generally under natural conditions, in the intermediate and deeper 
formations around the perimeter of the Island, in the zones of diffusion be- 
tween fresh water and sea water, and 
( 5 ) In certain inland areas in the shallow and intermediate formations where 
sea-water encroachment has resulted from heavy, continued overpumping. 
Thus, Long Island considered as a whole has a sizable quantity of saline water which, 
if it can be demineralized economically, could prove useful for some purposes. However, utiliza- 
tion of saline water at anyone locality in Long Island could not be on a large scale, because 
heavy sustained withdrawals probably would cause encroachment of the adjacent sea water. 


UPSTATE NEW YORK 


By 
E. S. ASSELSTINE AND 1. G. GROSSMAN 


General Relationships 


In upstate New York (the area including and north of the Borough of Bronx in New 
York City), saline ground water occurs in several areas, here called interior areas, in which 
the formations consist wholly or partly of salt, gypsum, shale, limestone, and similar con- 
solidated rocks; and in unconsolidated deposits along the lower reaches of the Hudson River. 
Although saline water occurs widely in these areas it is not a major problem so far as water 
supply is concerned because aquifers yielding fresh water also are generally present. 
According to published reports and available analyses, saline water occurs in about 
half the counties of upstate New York. Water-Supply Paper 114, "Underground waters of 
eastern United States," lists 35 saline springs in 23 New York counties. Geological Survey 
Bulletin 32, "Mineral springs of the United States," lists 21 saline springs in 16 New York 
counties. In addition, analyses of 19 well waters from 12 counties made for the State-Federal 
program of ground-water investigations in New York show dissolved-solids concentrations ex- 
ceeding 1,000 ppm. Table 4 lists 82 analyses from the counties for which such information 
is available. Table 3 gives the geologic formations tapped by these wells; well and other data 
also are listed. The areas included in the above lists overlap; moreover, analyses are unavail- 
able for some samples said to be saline. Because of these duplications and omissions, the two 
tables list data from only 19 counties, although saline water has been reported in 29 of the 
58 counties of the State. 
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Saline Aquifers 
Available information shows that most wells yielding saline water are in four areas: 
( 1) the Ontario lowland, south of Lake Ontario, (2) the southern tier, a linear group of coun- 
ties bordering the Pennsylvania State line, ( 3) a northern belt flanking the Adirondack up- 
land, and (4) an east-central area centering in Saratoga County. 
The Ontario lowland is an east-west belt south of Lake Ontario and generally north of 
U. S. Highway 20. The area of saline ground water extends from Erie and Niagara Counties 
on the west through the Rochester area to southern Oneida County on the east. The water occurs 
in salt- and gypsum-bearing shale and sandstone of Silurian age. These are the salt-bearing 
Salina group and the iron-bearing Clinton group. In the central and western parts of the 
area they produce water containing unusual amounts of sulfate, chloride, iron, and other un- 
desirable constituents. The formations are thinner to the east, and reports of saline water 
east of Syracuse are correspondingly fewer. 
Rock-salt beds in the Salina group extend along an east-west line from Madison County 
to Erie County, a distance of 135 miles. The total area in New York underlain by rock-salt 
deposits is approximately 6,000 square miles. However, the strata dip toward the south, and 
this dip, together with the higher surface elevation to the south, makes their depth in the 
Allegheny Plateau area of southern New York generally greater than that reached by water 
wells. Hence, there are few or no data on possible yields of saline water. 
Saline ground water is obtained also from unconsolidated deposits overlying the bed- 
rock in scattered areas of the Ontario lowland, as shown in table 3. Five such wells in north- 
ern Seneca County yield an average of 33 gpm, the range being from 5 to 75 gpm. Doubtless 
the saline water has its source in the bedrock, but the manner and extent of actual encroach- 
ment of the saline water into fresh-water aquifers is not known and has not been investigated. 
An interesting use for saline water is reported from Lyons, Wayne County, N, Y. Natural 
brine from a 371-foot well that taps the Salina group is used to regenerate the ion-exchange 
material in a softener which treats hard water obtained from two nearby wells tapping glacial 
deposits. 
Saline water in the southern tier of counties, bordering on the Pennsylvania State 
line, is obtained from sand and gravel of Pleistocene age and from underlying sandstone, silt- 
stone, and shale of Devonian age. This east-west, belt extends from Allegany County in the 
west to Delaware County in the east. It appears not to extend westward to the west edge of 
the State, along the strike of the beds, because recent analyses for Chatauqua and Cattarau- 
gus Counties have failed to disclose saline water, A possibility that has not been confirmed 
is that some of the saline water in the southern tier is obtained from comminuted material 
of Silurian age carried southward by Pleistocene glaciers. 
The third or northern area is a broad one extending from the St. Lawrence River 
southeastward along the flanks of the Adirondack upland. Little recent work has been done 
in this area, but in 3 of 9 wells for which information is available in the Watertown area of 
Jefferson County the water is saline. The water apparently is obtained from limestone of 
Ordovician age. The same bedrock underlies most of Jefferson County and parts of Lewis, 
Oneida, and Herkimer Counties. Thus, there is here a substantial area in which saline water 
may occur. 
The fourth, or east-central, area where saline water is obtained, principally from 
flowing wells locally called springs, is in Saratoga County. Waters having similar character- 
istics have been found in wells drilled for water supply in adjacent Washington and Schen- 
ectady Counties. Saratoga Springs and Ballston Spa are the most important of many mineral 
"springs" in this area. The springs are associated with faults and occur along a narrow zone. 
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The waters from Saratoga and Ballston are unusual in that they have a high concentration of 
chloride and bicarbonate and practically no sulfate; also, they are charged with considerable 
carbon dioxide. Mineral water of this type is found in only a few places in the world (Cush- 
ing and Ruedemann, 1914). Published reports give differing theories to account for the 
origin of these waters, but the immediate source appears to be dolomitic beds of Ordovician 
( ?) age. In Saratoga County, the yield of 6 recorded mineral wells, all within about 1.5 miles 
of each other, ranges from 1 to 150 gpm and averages 44 gpm. The daily production from 
these wells would be less then the arithmetic total of 346,000 gallons because the unre- 
stricted flow from anyone well reduces the yield of the nearby wells. 


Hudson River 


The Hudson River is a source of water supply for the city of Poughkeepsie and the 
U. S. Veterans Hospital at Castle Point. It was a standby source for the city of New York 
(Chelsea emergency pumping station completed in 1950 but never used). Available informa- 
tion from these users shows the dissolved-solids concentration in the river water to be less 
than 1,000 ppm, almost without exception. The intakes for these supplies are at or within 
10 miles of Poughkeepsie, 
South of Poughkeepsie the chloride concentration of the river water increases rapidly, 
A few wells in the valley that are adjacent to, and that obtain recharge from, the Hudson 
River have appreciable salinity. The actual concentration of dissolved solids varies with the 
discharge, tidal stage, and flow of the river, Only a few such wells are known in the area 
north of New York County (Manhattan). At Cold Spring in Putnam County one well only 
a few feet from the Hudson River reportedly yielded slightly saline water when pumped at 
80 gpm during the autumn dry season. For most of the year the well yielded 80 gpm at low 
tide and 150 gpm at high tide with low salinity. Reports of water with a relatively high 
chloride concentration have been received from scattered localities along the Hudson River 
in Westchester County where heavy pumping has drawn in saline water from the river. 


Summary 
Saline water occurs in both consolidated and unconsolidated deposits in upstate New 
York, principally in four areas-the Ontario lowland, the southern tier of counties, and the 
northern and east-central areas. Saline water in unconsolidated deposits is found also along 
the lower reaches of the Hudson River. The bedrock formations that contain such water are 
predominantly shale and limestone of early Paleozoic age. Records of approximately 50 wells 
in bedrock, listed in table 3, show an average depth of 190 feet and an average yield of about 
100 gpm. Records of 22 saline-water wells that end in unconsolidated deposits of all types 
show an average depth of 90 feet and an average yield of about 140 gpm. 
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